Introduction
Before 2001, the role of nephrectomy in the setting of mRCC was largely undefined, and radical surgery was offered chiefly for palliative purposes. However, two prospective randomised trials showed that cytoreductive nephrectomy(CN) imparts a survival advantage for patients with mRCC who then undergo immunotherapy when compared with patients who receive interferon-α alone [1] [2] [3] . Despite the advent of targeted therapy and loss of enthusiasm for interferon-α [4] [5] [6] , CN continues to be a mainstay therapeutic option for patients with mRCC [7] .
CN may not benefit all patients and in fact may be harmful to a subset of those who are destined to either have major complications from surgery or to exhibit rapid disease progression [8] . In fact, such patients may miss an opportunity to receive potentially life-extending systemic targeted therapy [8] [9] [10] . Thus, preoperative risk stratification to identify high-risk cohorts is extremely desirable but has proven to be clinically challenging [11, 12] .
Poor nutritional status is a known predictor of survival in various surgical settings [13] [14] [15] [16] . Recently a robust association between poor nutritional status and postoperative mortality in patients with locoregional RCC was reported [17] . However, identification of a relationship between nutritional status and survival after CN is yet to be fully defined [18] . As such, the purpose of the present study was to evaluate the association between preoperative nutritional deficiency and poor survival outcomes after CN.
Patients and Methods
After individual Institutional Review Board approval for the creation and analysis of two prospectively maintained databases (Fox Chase Cancer Center and Vanderbilt University Medical Center), patients with mRCC treated with CN from 1993 to 2012 were identified. Metastatic disease was confirmed through biopsy or radiographic imaging and was characterised as involving lung, bone, liver, brain, or other sites. Patients with insufficient staging records, pathological findings of a non-renal cell malignancy, history of previous treatment for locoregional disease, and those without appropriate nutritional status data were excluded from the study. Surgery was performed via open, laparoscopic or robotic approaches. Treating physicians determined follow-up schedules based on their personal and institutional clinical practice. Primary outcomes were overall (OS) and disease-specific survival (DSS). Using data from both the Southwestern Oncology Group 8949 and European Organization for Research and Treatment of Cancer 30947 randomised trials first evaluating the use of CN in mRCC, the OS advantage in the CN group was 6 months [2] . Therefore, a secondary outcome was 'early mortality' defined as death at ≤6 months of surgery to evaluate if any net benefit was obtained from CN. Follow-up was determined from time of surgery to time of last contact with the patient or date of death. Death dates were confirmed by death certificate. Overall mortality vs disease-specific mortality was determined by reconciliation of data from death certificates, National Death Index, institutional tumour registries, and physician documentation.
Although most of the data were collected prospectively, medical records were reviewed retrospectively to obtain missing and desired data points. Nutritional parameters assessed included serum albumin, body mass index (BMI) and percentage weight loss within the 6 months before surgery with thresholds for abnormal parameters of: serum albumin <3.5 g/dL, BMI <18.5 kg/m 2 , or unintentional weight loss of ≥5% of total body weight. Consistent with prior reports, survival outcomes were also evaluated between patients using a composite classification for nutritional deficiency [≥one parameter abnormal: serum albumin <3.5 g/dL (hypoalbuminaemia), BMI <18.5 kg/m 2 , or unintentional weight loss of ≥5% of total body weight] compared with nutritionally replete patients (all parameters normal) [17] . Each nutritional parameter was also evaluated individually. Anaemia was defined as serum haematocrit of <41% for men and <36% for women. Symptoms were defined as local or metastatic if pain or discomfort at site was attributable to RCC or systemic only if constitutional symptoms were present. Preoperative renal function was assessed with estimated GFR and chronic kidney disease staged according to the National Kidney Foundation staging system [19] . Pathological characteristics included tumour stage, histological subtype, Fuhrman nuclear grade, presence of sarcomatoid variant and nodal status. Pathological classification of tumours was carried out in accordance with the 2010 American Joint Committee on Cancer classification system [20] .
Association between nutritional status and patient and disease characteristics was assessed using Fisher's exact or chi-square tests for categorical variables. Kaplan-Meier survival curves were constructed from univariate analyses for DSS and OS after CN, and significance was assessed using the log-rank test. In multivariate survival analyses, Cox proportional hazards models for OS and DSS were constructed adjusting for factors significant and approaching significance on univariate analysis. Statistical analysis was carried out using STATA software (version 12.1).
Results
In all, 275 consecutive patients with mRCC treated with CN from 1993 to 2012 were identified from two prospectively maintained institutional databases. Of these 246 patients met study inclusion criteria with a median (interquartile range, IQR) age of 60 (52-67) years. The median (IQR) follow-up was 17 (5-31) months. The patients' demographic characteristics are listed in Table 1 . The majority of patients were men (71.5%), had a preoperative Eastern Cooperative Oncology Group Performance Status of 0-1 (90%), and were treated with open radical nephrectomy (74%). Lung metastases were present in 66% of patients with 17.5% of patients having lung as the only site of metastasis. Bone metastases were present in 36% of patients, while liver and brain metastases were present in 17.9% and 5.3%, respectively. In all, 57% of patients had multiple sites of metastatic involvement. Table 2 , of our total cohort, hypoalbuminaemia was present in 25% (62/246) while nearly half (48.4%) met at least one criteria for nutritional deficiency. Predictors of OS and DSS on univariate analysis are summarised in Tables 3  and 4 criteria for nutritional deficiency using the composite score were at higher risk of overall [hazard ratio (HR) 1.70, 95% CI 1.18-2.45; P = 0.004] and disease-specific (HR 1.81, 95% CI 1.20-2.73; P = 0.005) mortality. A second multivariate analysis using the individual nutritional deficiency parameters separately (Tables 3 and 4) , controlling for factors significant and approaching significance on univariate analysis, only hypoalbuminaemia, polymetastases, non-clear cell histology, and high grade remained predictors of all-cause mortality (Table 3) , while unintentional weight loss of ≥5% of total body weight was not significant. Only one patient had a BMI of <18.5 kg/m 2 , precluding evaluation in our multivariate model. Additionally, only serum albumin level, polymetastases, non-clear cell histology and stage >T3b were predictive of disease-specific mortality on multivariate analysis (Table 4) .
Summarised in
Evaluating serum albumin levels independently, all-cause and disease-specific mortality was observed in 91.9% and 74.2% of patients with hypoalbuminaemia vs 69.6% and 51.1% in patients with normal levels, respectively. Kaplan-Meier survival analysis revealed significant differences in median OS (8 vs 23 months; P < 0.001; Fig. 1 ) and DSS (11 vs 33 months; P < 0.001; Fig. 2 ) in patients with low and normal serum albumin. Survival outcomes were analysed at 6 months to evaluate rates of early postoperative mortality. In multivariate analyses, adjusting for age, tumour grade, Charleston comorbidity index, presence of polymetastases, clear cell and sarcomatoid histologies, hypoalbuminaemia was significantly associated with all-cause (HR 1.91, 95% CI 1.31-2.78; P < 0.001) and disease-specific (HR 2.07, 95% CI 1.35-3.18; P < 0.001) mortality. At 6 months, both all-cause [56.5% (95% CI 43.3-67.7%) vs 80.6% (95% CI 74.1-85.7 %); P < 0.001] and disease-specific [62.6% (95% CI 48.9-73.6%) vs 84.3% (95% CI 
Discussion
In this large multi-institutional cohort of patients with mRCC, low preoperative serum albumin was an independent predictor of both overall and disease-specific mortality after CN. Indeed, patients with hypoalbuminaemia had a >50% reduction in OS and DSS when compared with patients with normal serum albumin levels and were at double the risk for early mortality.
These findings are highly significant, as the role of CN in the era of effective targeted therapy is yet to be fully defined [7] . Benefits of CN have only been shown in patients who uniformly received systemic therapy in the form of interferon-α after surgery, and clinical trials are underway to establish the survival role and timing of CN in the targeted therapy era [21, 22] . In fact, >30% of patients fail to receive systemic therapy after CN in contemporary cohorts [8, 10] , as a large proportion of these patients do not receive systemic therapy due to rapid disease progression, perioperative morbidity and/or death [8, 10] . Clearly, these patients are ill-served by cytoreductive surgery and unnecessarily incur surgical morbidity at the end of life, while foregoing an opportunity to receive potentially efficacious targeted therapy. As such, appropriate risk stratification of patients who present with metastatic disease is highly desirable to optimise the decision between CN or a trial of targeted therapy before surgery [7] .
Progress in quantifying risk before CN recently has been reported [9, 18] . Examining a cohort of patients undergoing CN, Culp et al. [9] , incorporated seven preoperative variables into a risk-group based model to identify those who benefit most from CN. These and other predictors were then combined into pre-and post-operative multivariable models to predict DSS at 6 and 12 months after CN [18] . They then constructed a nomogram (area under the curve = 0.76) to assess 6-month probability of death after cytoreductive surgery [18] . While the multivariable predictive models described may help identify patients with mRCC likely to benefit from CN, our present study identifies serum albumin as the single most important predictor of OS and DSS in patients undergoing CN. Using a single clinical parameter rather than obtaining results from a nomogram may provide an advantage to practitioners for quick clinical application.
Serum albumin level represents an easily quantifiable and a potentially modifiable preoperative risk factor that has been extensively evaluated across various surgical disciplines, encompassing both benign and malignant disease states. In fact, robust data support the association between nutritional status, improved outcomes and decreased treatment costs [23] [24] [25] . Until recently, nutritional status has received only limited attention within urological oncology. One of the first studies examining nutritional status in patients with genitourinary malignancy evaluated patients undergoing radical cystectomy for localised bladder cancer [26] . Patients were classified as nutritionally deplete based on preoperative serum albumin levels, BMI or degree of perioperative weight loss and incurred worse perioperative (90-day) and overall mortality as compared with nutritionally replete patients. Similarly, these parameters were examined in patients with locoregional (non-metastatic) RCC with nutritionally deficient patients exhibiting higher 3-year overall and cancer-specific mortality [17] .
Definitions of nutritional depletion vary [27] . Although nutritional deficiency metrics, such as the Nutritional Risk Screening tool (NRS), which assess nutritional status using weight loss, BMI, food intake, and disease severity, have a role in prospective studies, proponents of these metrics readily admit that quantification of food intake and disease severity are often qualitative and arbitrary. Furthermore, these metrics are impractical for retrospective assessments [27] .
Recently, in urological literature, quantification of nutritional deficiency using serum albumin, BMI and weight loss has gained significant traction [17, 18, 26] . In fact this metric is generally readily quantifiable in routine clinical practice and was a strong predictor of poor outcomes in our cohort. However, our present data indicate that in patients with mRCC, serum albumin alone, independent of BMI or weight loss, was the component of the nutritional deficiency status associated with poor outcomes.
Previous reports show that serum albumin was abnormal in only 5% of patients with non-metastatic kidney cancer [17] and 6% of those with localised bladder cancer [26] . In our present cohort 25% had abnormal serum albumin levels preoperatively. As such, our present data show that patients with mRCC who underwent surgical intervention had a five-fold increased risk of being malnourished than patients with localised urological malignancies [17, 26, 27] .
Our present data are consistent with previous reports showing that patients who have hypoalbuminaemia exhibit worse clinical outcomes than patients with normal albumin levels [9] . In fact patients with low serum albumin who underwent CN were at a 1.4-fold higher risk of 6-month all-cause and disease-specific mortality. These trends continued as the cohorts were followed long term, as patients with low albumin were 90% more likely to succumb to RCC and 80% more likely to meet an overall mortality end point at 17 months of median follow-up. In fact, patients with hypoalbuminaemia had a marked reduction in median OS (11 vs 26 months; P < 0.001) and DSS (17 vs 46 months; P < 0.001) when compared with counterparts with normal levels.
Across various cancers, modulation of core factors, such as systemic inflammation and surgical stress, may be mediated via nutritional status, thus influencing the host's immune response. As such, nutritional repletion may harbour potential to enhance efficacy of existing therapies or improve survival outright [28, 29] . The present data do not elucidate whether hypoalbuminaemia represents a marker of poor outcome or a modifiable factor that can be targeted to improve survival in patients with metastatic disease. However, these data do underscore the importance of nutritional status in patient outcomes. Furthermore, our present report should serve as a catalyst for further work to better understand if correction of nutritional status affords a therapeutic opportunity for patients with mRCC.
Similar to other retrospective studies, the present study has limitations. As with all retrospective data, treatment choice was not randomised resulting in the likelihood of selection bias. Specifically, despite controlling for all available clinically relevant and statistically significant covariates, unmeasured confounders as well as parameters not significant on univariate analysis may influence our present results. Indeed, controlling for clinical and pathological factors indicative of tumour stage in the multivariable analysis, hypoalbuminaemia was independently associated with worse outcomes. Nevertheless, patients with hypoalbuminaemia had more advanced disease, which may confound our present findings. Unfortunately, in this dataset where a large number of patients probably travelled a long distance for surgery, data about receipt of systemic therapy and readmission rates were not fully captured limiting our ability to evaluate these factors. Nevertheless, relative strengths include the multi-institutional design, harnessing two prospectively managed databases that are vigorously maintained with robust processes to update vital status. In the absence of rigorously tested consensus criteria to define poor nutritional status in patients before renal surgery, the parameters used in the present study were available in all patients, objective, and easily obtainable from preoperative data and nutritional status variables.
In conclusion, our present data underscore the role of hypoalbuminaemia as an independent risk factor for overall and disease-specific mortality in patients with mRCC undergoing CN. Serum albumin (a readily available, easily measured parameter) when low, identifies patients at increased risk for early mortality and is highly prevalent in patients with advanced RCC. We believe these data and recent data from other institutions would spark interest in determining whether poor nutrition is a modifiable risk or simply a marker of poor prognosis. Certainly, if a trial of targeted therapy is chosen upfront or if surgical intervention is delayed for any reason, dietary intervention to potentially correct hypoalbuminaemia is not likely to harm and may offer benefits. 
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